SPECIFICATION 

To All Whom It May Concern: 

Be It Known That I, Xiaolan Ai , a citizen of the United States, and a 
resident of the City of Massillon, State of Ohio, whose post office address is 4480 
Noble Loon, Massillon, Ohio 44646, have invented new and useful improvements 
in a 

WEDGE LOADING MECHANISM FOR TRACTION DRIVES 
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CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is related to United States Provisional Patent Application 
No. 60/414,134 filed September 27, 2002 from which priority is claimed. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

Not applicable. 
BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

This invention relates in general to a wedge loading mechanism for 
traction drives, and, more particularly, to a wedge loading mechanism having an 
increased normal force for the contact points of a loading roller wedged between 
two raceways that form a convergent wedge. 

2. Description of Related Art. 

Traction drives use frictional force to transmit torque and power. Because 
the power is transmitted between two smooth surfaces, often through a thin layer 
of lubricant, a traction drive possesses unique characteristics that are not readily 
attainable by gear drives. These characteristics include quietness, high- 
efficiency, high rotational accuracy, and zero-backlash. 

Generating adequate normal force at the contact is essential for traction 
drives. Various loading mechanisms have been proposed. These mechanisms 
have lead to a host of designs. Perhaps the simplest means to generate torque 
responsive load is using eccentric planetary drives as was disclosed by Dieterich 
U.S. Patent Number 1,093,922 in 1914. Over the years, various improvements 
have been proposed. See for example, U.S. Patent Numbers 3,945,270, 
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4,481,842, 4,555,963, and foreign patent numbers JP1 0-31 1398, EP 0,856,462 
A2. However, these devices sometimes tend to overload rollers and raceways 
when the wedge angle is small resulting in inefficient transmission of torque and 
power. 

A common practice is to use tapered surfaces along the axial direction. 
By moving these surfaces axially, a radial displacement and thus normal force 
are generated. Examples of such designs are disclosed in U.S. Patent Numbers 
3,475,993 and 3,375,739. 

Since the envelopes of the tapered surfaces in most designs do not 
necessarily converge to a common point, this results in a so-called spin motion at 
contacting surfaces. The spin motion not only offsets the high-efficiency 
otherwise provided by the traction drive, but also causes component wear and 
high break away torque. 

Recently, a design of zero-spin planetary traction drive has been proposed 
by Ai as disclosed in the U.S. Patent Number 6,095,940. This design employs 
the on-apex concept similar to that of tapered roller bearings. Two rows of 
planetary rollers are used to balance the internal axial force on the planetary 
rollers. This design offers torque actuated loading mechanism and greater 
torque capability. 

The cylindrical planetary traction drive is also able to achieve zero-spin 
motion. However, generating sufficient normal force at the contacts has been a 
challenge. Designs proposed in the past have offered various means to pre-load 
the drive either by mechanically deforming the outer rings or by thermal 
assembling the drive. The pre-load generated by such means, in general, can 
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not be adjusted during operation. For partial load application, traction drives are 
unnecessarily overloaded. This has negative impacts on transmission efficiency 
and service life. 

As mentioned above, wedge loading provides a simple means to generate 
normal force. Most of the wedge loading arrangements in prior art were based 
on a specified friction coefficient, requiring a certain wedge angle corresponding 
to the friction coefficient. This imposes a restriction to the traction drive design. 

Therefore, it is desirable to provide a simple loading mechanism that 
relieves the restriction on wedge angles, thereby giving improved flexibility for 
traction drive design. 
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SUMMARY OF THE INVENTION. 

The present invention relates to a wedge loading mechanism for traction 
drives, and, more particularly, to a wedge loading mechanism in the form of a 
uniquely designed roller wedged between two races that provides increased 
normal loads at the contact points between the loading roller and the races. 

An eccentric planetary traction drive often contains a loading roller that is 
wedged between an outer ring member and an eccentrically located sun roller 
member. Either the ring member or the sun member can serve as the driving 
member. As the driving member rotates, it drives the loading roller into the 
converged wedge formed between outer ring and the sun roller, thus generating 
normal forces at contacts between the loading roller and the sun roller and 
between the loading roller and the outer ring. 

To ensure an adequate normal load at the contacts, the following 
relationship is often required, 

8 

tan— <u (1) 
2 

where d is the wedge angle (Fig. 1(b)) and ju is the maximum available friction 

coefficient at the contacts. 

For traction drives restricted to operate under small wedge angles, the 
drive is unnecessarily overloaded. This could lead to a low transmission 
efficiency and short service life. 
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To obtain the highest possible efficiency of the traction drive, the wedge 
angle S has to be large enough to make tan— close to the maximum available 
friction coefficient ju . Ideally, it requires, 

5 = 2 ■ arctan ju (2a) 
In the past, however, this may put an undesirable geometry constraint on 
previous traction drive designs. 

In accordance with the new present invention, for eccentric planetary 
traction drive it can be shown (Fig. 1(b)) that wedge angle S is determined by the 
internal geometry (Ri, R 2 , and e) of a traction drive and by the azimuth position 
a of the loading roller as, 



8 - arccos 



(R l+r ) 2 +(R 2 -r) 2 -e 
2{R, + r\R 2 - r) 



(3a) 



where 



Ri is the radius of the first cylindrical raceway of the sun roller member; 
R 2 is the radius of the second cylindrical raceway of the outer ring 
member; 

e represents the eccentricity between the first cylindrical raceway and the 

second cylindrical raceway; and 
r is the effective radius of the loading roller at this azimuth position and is 

expressed in terms of a as: 
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Ri -i? 2 -e 2 +2e& cos a 

r = (3b) 

2{R 2 +R X -ecosa ) 

As can be appreciated in the following example, for a normal friction 
coefficient of// = 0.06, the optimal wedge angle is about 8-1 degrees. If it is 

assumed that Ri =10 mm and R 2 = 50 mm and e = 10 mm, then the required 
azimuth position of the loading load is at about a = 18 degrees. This can be 
excessive for some applications particularly for applications where the drive is 
used in bi-directional operation and a single loading roller is used for loading in 
both directions. In addition, traction drives designed under constraint of equation 
(1) have no overload protection. The normal load at the contacts continues to 
increase in proportion to the traction force at contact as the applied torque 
increases. 

The present invention provides a loading mechanism that allows for a 
traction drive to operate under a small wedge angle without having the traction 
drive become unnecessarily loaded thereby improving the efficiency of the 
traction drive. The present traction drive also provides a loading mechanism that 
improves the dynamic stability of the traction drive and which offers protection 
when the drive is overloaded. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front view of a typical eccentric planetary traction drive that 
would incorporate the present invention. 
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FIG. 2 is a generally longitudinal sectional view of the typical eccentric 

planetary traction drive. 

FIG. 3 is a generally transverse sectional view of the typical eccentric 

planetary traction drive. 

FIG. 4 is a diagram showing the geometric relationship between the 
wedge angle and the rollers in the form of an eccentric planetary traction drive 
embodiment of the present invention. 

FIG. 5 is a diagram showing the present invention of a wedge loading 
mechanism in the form of an eccentric planetary traction drive embodiment of the 

* 

present invention. 

FIG. 6 is a force diagram showing the relationship between the contact 
load and the geometry/traction coefficient of the present invention. 

FIG. 7 is a chart showing the relationship between the effective stiffness 
ratio and the wedge angle of the present invention. 

Corresponding reference characters indicate corresponding parts 
throughout the several views of the drawings. 

DETAILED DESCRIPTION OF THE INVENTION. 

Now, referring to the drawings, FIG. 1, FIG. 2, and FIG. 3 depict a typical 
eccentric planetary traction drive having an eccentric sun roller and three 
planetary rollers, at least one of which is a loading planetary roller. In this typical 
traction drive, the present invention of a wedge loading mechanism 1 is a 
planetary roller that acts as the loading roller in this typical eccentric planetary 
traction drive. The wedge loading mechanism 1 is located between a first 
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raceway 2, and a second raceway 3. The wedge loading mechanism 1 
comprises a supporting shaft 4 (FIG. 5), a rubber insert 5, a bearing 6, and a 
loading roller ring 7. Shaft 4 is fixed to the wedge loading mechanism 1. The 
wedge loading mechanism 1 is positioned between and in contact with the first 
and second raceways 2 and 3. In FIG. 6, the tangential line OA at contact point 
A between the second raceway 3 and the wedge loading mechanism 1 lies at an 
angle of 8 with respect to the tangential line OS at contact point B between the 
first raceway 2 and the wedge loading mechanism 1. Thus the two tangent lines 
form a converged wedge AOB. 

Raceway 2 is the driving member and the contact point B on raceway 2 
has a tendency to move along the tangent line BO toward point O with respect to 
the contact point 8 on the loading roller ring 7 during the operation of the wedge 
mechanism 1 . A friction force F is thus generated at contact point B. The friction 
force tends to rotate the roller ring 7, making the contact point A on the loading 
roller ring 7 move along the tangent line OA from point O with respect to the 
corresponding contact point A on the second raceway 3. Similarly, a friction 
force F at contact A is generated. The friction forces at contact points A and B 
both drives the loading roller ring 7 further into the converged wedge, making the 
loading roller ring 7 push firmly against the raceways at the contact points A and 
S and against the supporting shaft 4. 

The friction forces F at contact points A and B are balanced by normal 
contact forces N at contact points A and B and a supporting force F 0 at 
supporting shaft 4. 
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The overall deflection, including surface and structural deflections, normal 
to the contact surface under normal load can be characterized by an effective 
stiffness at the contact. The effective stiffness at contact points A and B is 
denoted by K R and the effective stiffness at the contact area between the loading 
roller ring 7 and supporting shaft 4 is denoted by Ks. Thus as the loading roller 
ring 7 is driven by the friction forces F at contact points A and B into the 
converged wedge along OC, the normal contact forces N and supporting contact 
Fq are estimated as: 



F 0 =K s -l (4) 



N = K S -/sin — (5) 



Where sin— is a mean value when 8 is a variable that varies with /, that is, 



8* lr' 8 
sin — =- sin— dl (5a) 
2 / Jo 2 

and where / is the distance that the center C of loading roller ring 7 (not the 
center of the supporting shaft 4) moves along line OC under the friction forces at 
contact points A and B. FIG. 7 is a chart showing the relationship between the 
stiffness ratio Ks/K R and the wedge angle 8*. 

The operating friction coefficient at the contact \sju 0 , the friction force is 

expressed as 



F = ju 0 - N ( 6 ) 
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Under static equilibrium conditions, 



F 0 8.8 

— — = u„ -cos sin— 

2N 0 2 2 



(7) 



This equation can be expressed in terms of effective stiffness Ks and Kr by 
substituting equations (4) and (5) into this equation. 



__£_ = 2 



8 . 8\ 
Mo cos - - sin - 
V 2 2) 



sin — 



(8a) 



In cases where variation in 8 is small, then 8 qc 8 * and equation (8a) becomes 



K. 



= ju sin<J-2sin 



k2 



(8) 



J 



Figure 7 shows effective stiffness ratio KsIKr as a function of wedge angle S for 
different operating friction coefficients // 0 . 

A zero stiffness ratio at a non-zero wedge angle indicates no supporting 
force Fo, which leads to the following condition 



8 = 2 • arctan ju 0 



(2b) 
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Negative stiffness ratio means direction change in force F 0 . In other words, shaft 
4 is now pushing the loading roller ring 7 into the converged wedge. 

It can be appreciated that a traction drive with the current wedge loading 
mechanism 1 can be operated under any small wedge angle 8 while still having 
the traction drive being operated at or close to the maximum available friction 
coefficient ju so long as the stiffness ratio is appropriately chosen. That is, 



The proper support stiffness Ks of the wedge loading mechanism 1 is 
achieved through rubber insert 5 (FIG. 5), bearing 6, and shaft 4. Other means 
are also possible. For instance, the supporting shaft can be mounted to the 
traction drive through deflectable mounting devices such as springs, and/or 
washers. In this case, the loading roller ring 7 may take the form of a solid roller. 

The flexible support of the wedge loading mechanism 1 can also serve as 
a device to provide a necessary force pushing loading roller into the wedge 
contacts thus to improve system dynamic stability. 

With predetermined allowable travel range of the loading roller, the wedge 
loading mechanism 1 can also serve as an overload protecting device. When 
driving torque is at its maximum allowable level, the wedge loading mechanism 1 
is pushed into the wedge toward the limit of the predetermined travel range. Any 
additional increase in torque cannot further push the wedge loading mechanism 
1 into the wedge, thus limiting the maximum available friction forces. Under such 
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2 2) 2 




(9) 



« 

conditions, slippage occurs at contacts between the wedge loading mechanism 1 
and raceways 2 and 3. 

While the above description describes various embodiments of the 
present invention, it will be clear that the present invention may be otherwise 
easily adapted to fit any configuration where a wedge mechanism for traction 
drives may be utilized. As various changes could be made in the above 
constructions without departing from the scope of the invention, it is intended that 
all matter contained in the above description or shown in the accompanying 
drawings shall be interpreted as illustrative and not in a limiting sense. 
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